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PHYSICAL AND ELECTRICAL TESTS OF SLATE
INTRODUCTION
The main objec"ts of the tests herein reported were to determine the
physical properties of a so-called electrical slate and its special suitability
fQr use in the electrical industries"
The specimens were free from ribbons, had a fine, even grain, dense
compact structure, 'smooth cleavage and were freshly quarried. The ma-
"jority of the testing work" was perforIl]ed in the Fritz Engineering Lab-
"oratory, Lehigh University, ami the spesimens were furnished by the
Structural Slat~ Co. of Pen Argyl, Pa. /
Acknowledgment: - The author desires to express his appreciation
of the services of other members of the University staff. Due credit
should be given H. V. Anderson who made the Chemical Analysis, to
Associate Professor G. A. Roush for the Microphotographic work, to
Assistant Professor H. M. Fry for the Ohmic Resistance Tests, to the
Civil Engineering Department of Lafayette College for the use of their
Abrasion machine, and to the State Highway Department who so kindly
allowed the use of their machines for the Hardness and To'ughness Tests.
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6 PHYSICAL A D ELECTRICAL TESTS OF SLATE
PHOTOMICROGRAPHS
The photolT.icrographs pre ented are of a perfectly smooth surface
at a magnification of 200 diameters and 325 diameters. They show the
.extremely fine, uniform structure of the material, which i , curiously
,enough almo t identical in appearance with the tructure of a high car-
.bon steel.
J:'HOTOMICROGRAPH OF SLATE
325 DIAMETERS
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PHOTOMICROGRAPHS OF SLATE
200 DIAMETERS
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QUANTITATIVE CHEMICAL ANALYSIS
\ '
The specimens used in this determination were average samples taken
from the broken compression specill~ens. The samples were crushed and
quartered, one quarter discarded, the balance was then mixed and quar-
tered. This operation was repeated eight times and a final quarter re-
tained forfi!l1e grinding in an agate mortar, in order to secure a repre-
sentative sample 'of the slate. The chemical analysis was made follow-
ing the usual procedure for silicate rock analysis. The following Table
No.1, gives the results: .
TABLE 'No.1
Quantitative Chemical Analysis'
Silica _--------------- (Si02) 57.50;10
Alumina (AI20 3) 20.84;10
Ferric Oxide (Fe203)--------------- 1.30;10.
Ferrous Oxide (FeO) 2.21;10
Lime -:- (CaO) 3.92;10
Magnesia (MgO) ~ 3.02;10
Soda (Na20) 1.25;10
Potassa ~ __ (K20) 3.36;10
Carbon Dioxide --- (C02) ..:: 3.30;10
Pyrite (FeS2) 1.39;10
Water below 110° C. 0.15;10
Carbon ~ (C) - 0.57;10
A microscopic examination of the sample of the above slate was made
to deteni,line the presence of substances deleterious to slate when used
for electrical purposes. This examination revealed the presence ofa
trace of the mineral chlorite, and extremely little of the mineral mag-
netite. A trace of carbonaceous material in the fon1 of graphitic ca~­
bon was found. This examination revealed/a. few flakes of pyrite scat-
tered throughout the sample, the amount of which was also determined
by the quantitative chemical analysis. The slate shows a crysta11ine ap-
pearance under'the mi'cros·copic examination. It was also noted that the
action of hydrochloric acid on the slate produced an efflorescence show-
ing the presence of carbonates, such as calcium carbonate, magnesium
carbonate and ferrous carbonate.
As can be seen by reference to the foregoing chemical analysis and
also from the results obtained in the microscopic examination, the chief
mineral contents of slate were in the order of their abundance; a very
complex silicate (muscovite), a carbonate. quartz and pyrite.
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SPECIFIC GRAVITY TESTS
9
The specimens used in this test were 1" cubes: The weighing was
done on a sensitive chemical balance. The samples were carefully weigh-
ed first in air and then suspended in water. The results are shown in
Table No.2.
TABLE No.2
Specific Gravity Tests
I Spec. I Dimensions W W' IDiff. VV-W' I INo. I inches grams gralTIS II grams \ S. G.I
---
I \
I
I-
I 1.02 x 0.98 x 1.01 43.310 28.520 14.790 I 2.9282 1.01 x 1.02 x 0.98 45.900 29.430 I 16.470 2.7873 I i.01 x 1.01 x 1.00 45.050 28.910 16.140 2.791
4 I 1.01 x 1.01 x 1.00 45.450 29.210 I 16.240 2.798 I5 1'.01 x 1.02 x 1.00 45.200 28.950 16.250 2.7816 I 1.01 x 1.02 x 0.96 44.100 28.300 I 15.800 , 2.791
I I I.
\V = vVeight in air. Average = 2.813
'vV' = \Veight in water.
POROSITY
The well-known test for porosity is to determine the percentage of
water absorbed by the specimens. The specimens used in this test were
8" x 8" X 1". These were -dried for 24 hours in an Theleo Electric oven
at a temperattlre of 120 0 Centigrade. After cooling to normal room
temperature, they were carefully weighed and then immersed in water
for 24 hours, when they were taken out. the surface water dried with
a towel, and carefully weighed again. The difference of these weights,
divided by the first weight, gives the percentage of water absorbed by
the specimen. Table No.3 exhibits the results thus obtained. It is seen
that the mean percentage is 0.196. These results show that the dense,
compact structure of slate makes it one of. the least porous of this
class of materials. This value checks very well the value gi yen by the
U. S. Bureau of Standards.
--- - --------~-~-------
10 PHYSICAL AND ELECTRICAL TESTS OF SLATE
TABLE No.3
Porosity Test
I
\
I Diff. 0/0 II Weight Weight
Spec. I after after I In of I
No. I Baking
"I
Immersion I Weights Dry I
I grams gralTIS I grams Weight II I I -~
I I I I1 I 2840 2846 I 6 .211
I·2 I 2862 I 2868 I 6 .2093 I 2856 2861 I 5 .175
4 I· 2849 I
2855 I 6 .209
I5 2851 2856 I 5 .175I
Average = .196
TENSILE TESTS .
Very few tensile tests on brittle materials such as building stone have
been published. Such tests are not considered reliable, and due to the
fact that building sJone is not allowed to take any tension, very few
values are recorded. The specimens were 18" long by 2" wide by I"
thick, the center section being cut down for a distance of 2" to approxi-
mately 1.00" x the thickness. Fig. 1(a) shows the shape of specimen.
These specimens were then placed in a Riehle Testing machine, the load
applied by means of the movable head of the machine at a rate of 0.05
in. per minute. The fractures followed the lines of cleavage in the slate.
. A second set of tests using a form of specimen as shown in Fig. 1(b)
was run as a check on the first set. The results of both sets are shown
in Table No.4. .
FIGURE 1 (a)
lof 3" -I
1 }- I
'FIGURE 1 (b)
PHYSICAL AND ELECTRICAL TESTS OF SLATE
TABLE No.4
Tensile Tests
I
I Set No. 1
I
'1 II Spec. Dimensions Area Load in Lbs. per
I No. I inches sq. m. Ibs. sq. in.
I
---
I I
j -- I I1 1.00 x 1.00 1.00 I 3110 3110
I 2
1
1.06 x 1.01 1.07 I 3270 3060I 3 1.06 x 1.01 1.07 3970 3710
I 4 I 1.04 x 1.00 1.04 I 3110 2990 .j 5 I 1.04 x 1.00 1.04 I 4440 4260
J 6 I /1.04 x 1.00 1.04 I 3890 3740
I 7 I 1.06 x 1.00 1.06 I 3530 3330
I 8 I L06 x 1.00 1.06 I 4400 4150
I 9 I 1.04 x 1.00 1.04 I 3920 3770
I 10 I 1.00 x 1.00 1.00 I 3840 3840
I I I
I
I Average 3590 # / sq. in.
I
Set No. '2
I
Spec. Dimensions Area I. Load in Lbs..per
No. inches sq. m, I Ibs. sq, 111.
I
1 1.10 x 1.15 1.26 4240 3360
2' 1.08 x 1.17 126 4240 3360
3 1.04 x 1.14 1.18 4450 3770
4 1.03 x 1.13 1.16 4230 3640
5 1.06 x 1.06 1.12 4200 3750
6 1.02 x 1.06 1.08 4160 3860
7 1.06 x 1.12 1.19 4420 3710
8 1.06 x 1.06 . 1.12 4130 3680
9 1.02 x 1.06 1.08 4100 3800
I Average 3660 # / sq. in.
1" .,
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COMPRESSIO~ TESTS
Compression tests were made on 2" cubes cut from the clear ~tock.
The cubes were bedded and an 8" spherical bearing-block used to cYcnl~'
distribute the load. All the cubes measured 2" x 2" x 2" giving a load-
ing area of 4 square inches. The load wa applied in a direction per-
pendicular to the bed of the slate and therefore perpendicular to the
planes of cleavage. These tests were made in an Olsen 300,000 lb. Test-
ing machine, the travel of the head of the machine being 0.05" per min-
ute. The results are recorded in Table o. S.
TABLE No.5
Compression Test of 2" Cubes
12.162
10.600
10.040
7,475
12.5~2
9.360
12.720
10.210
10.550
X.782
10.700
11.050
Lbs ..per
sq. 1Il.
48,650
42.400
40,150
29,900
50,330
37,440
50,040
40.840
42,200
35,130
42,800
44,ZOO
Load in
Ibs.
13
14
15
16
17
18
19
20
21
22
23
24
III Spec.No.
il
11.855
12,892
8,567
11.450
7.512
9.875
10,760
8,675
9.200
10.062
9.535
9.425
Lbs. per
sq. in.
Spec. III Load in
No. Ibs.
---!--------H----f-----+----
- -1-1--47.420
2 I 51.570
3 I 34,270
4 45.800
5 I 30.050
6 39.500
7 43.040
8 34,700
9 36.800
10 40,250
11 38.140
12 37.700
A"erage 10,250 # / sq. in.
PHOTOGR,\PH SHO\\'ING SEVERAL TYPICAL
COMPRESSION FRACTURES OF 2" CUBES.
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FLEXURE TESTS
13
Several series of tests were made of s'late samples arranged as beams.
Series A, were of thin )4" (approx. 2 strips I" wide and 26" long. Series
B, were 0" (approx.) thick, I" wide and 26" long. Series C, were I"
(approx.) thick, I" wide and 26" long. Series D, were 10" thick, 111"
wide and 26" long. All of the abov,e were tested as beams on wooden:
supports 24" apart. A wooden knife-edge was used to transfer the load.
from the movable head of a Riehle Testing machine to the specimen, and
the deflections measured by means of an Ames Dial reading to 1/1000 of
an inch, placed directly under the center of the beam. The dimensions
of all these series are given in Table No.6.
In Series A, no attempt was 'made to record tbe load causing failure,
but rather to obtain the amount of deflection 'at the instauce of failure.
The average deflection was 0.316". The deflections for the individual
samples were as follows: 0.312", 0.394", 0.304", 0.280/1, 0.272", 0.336",
0.310", 0.284", 0.296/1, 0.312", 0.284".
Series 13, C and D were tested the same as Series A, except that the
deflection was read at regular increases in the increment of applied load.
The deflections were then plotted and the modulus of elasticity computed
for Series C and D. It was found that the deflections were not regular
enough to warrant the plotting of Series B. The value of the modulus
of rupture was computed for Series B, C and D. The results of Series
B, C and D are shown in Tables Nos. 7, 8 and 9.
Curve Sheet No.1 shows the plothng of the load in Ibs. against the
deflection in inches for the average of all the readings for Series D.
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TABLE No.6
j 1\ tSeries A Series C 1\II
I I I II I \Spec. Width I ~epth II Spec. I Width ~'e'PiliI No. I illS. I illS. No. I illS. Ins. i
\
I I II I ~.I I I
1 I 1.02 I 0.26
II
29 .1 1.02 u}z
I 2 I " I 0.24 30 I 1.03
U)3 lI 3 I I 0.25 31 I 1.04 1.04
-I 4 I I 0.26 I 32 I 1.04 1.02 \I 5 I I 0.28 \
33 I 1.04 1.02
I 6 I I 0.25 34 \
1.03 1.02 I
\ 7 I I 0.25 1 35 1.03
1.03
I 8 I I 0.28 \
36 1 1.03 1.03 I
I 9 I I 0.30 37 I 1.04
1.02 I
I 10 I I 0.26
\
38 I 1.04 1.04 I
I 11 I I 0.28 I II I I
\ Series B ll~ Series D \
I
\
I
\ 39 1.02 1.50 \14
\ .
1.02 0.52
\. 15 " I 0.54 40 " " \
I 18 I 0.52 41 \I 19 I I 0.57 42 "
I 20 \ \ 0.58 43 " I
\
21 I I 0.58 . 44 "
23 \ \ 0.56 45
\
\
24 I I 0.56 46
25 I I 0.58 47
26 I I 0.54 48 I
I 27 I I 0.56 49 \
I 28 I 1·
0.58 50
I I I
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TABLE No.7, SERIES B
Results of Beam Tests on 0" x I" x ,?6" Slate Beams.
~ Depth 0". Spa'n 24". Load at middle of span.Deflection read with Ames Dial Jo 1/1000 of an inch.
I , IMax. i ISpec. I Deflections at Loads 6f Max. I Mod. of II I I Rupture
I No. I 20 I 30 40 I 50 I 60 )70 I Load I, Defl. I#1 sq. in. II I I
I I I
'I I I I I II 14 I 0 I .052 I I .118 I 70 .118 I 9160I 15 1 0 1,·019 .030 I .048 I .068 I .::--- I 60 I .068 7250I 18 I 0 I .012 .041 I .070 I .076 I ---- I 60 I .076 I 77001- 19 I 0 I .025 .045 I .054 I .074 I ---- 65 I .082 7050
I 20 I 0 I .022 .034 I .054 I - I ~~-- I 55 I .068 5760
I 21 I 0 I .017 .032 I .061 I .063 /.068 I 85 I .096 8920I 23 I 0 I .051 .053 I .054 .066 .085 I 75 .098 8450
I 24 I 0 I .026 .055 I .074 I 1---- 60 I
.121 6750
I 25 I 0 I .038 .062 I .065 I
.081 I .113 85 .130 8920
I 26 I 0 I .035 .053 .072 .078 1---- 60 .078 7250I 27 I 0 I ,028 .055, I .066 I 1---- 55 I .083 6200
I 28 I 0 I .014 .034 I .044 I .051 I .095 I 95 I .110 9980I I I I I I I
I Av. I 0 I .026 .045 I .062 I .069 I ---- I 68 I .094 7760
Loads in Ibs. Deflections in ins.
TABLE No.8, SERI ES C
Results of Beam Tests on I" xI'" x 26" Slate Beams.
Depth I". Span 24". Load at midd'le of span.
Deflection read with Ames Dial to 1/1000 of an irnch.
o.
I Spec. I Deflections at Loads of Max. I' Max. \ Mod. of I 'Mod. ofI '0 I Rupture Elasticity
I No. I 50 I 100 I 150 I 200 I 250 I Load Defl"j # / sq. in./ # I sq. in.J II I ,
I 'I 0 I .027 I .0435 I .0575
,
, .
29
-----
240 I .071 6930 8,230,000
I 30 I 0 I .017 I .0275 I .0430 .055 300 I .071 9800 10,120,000
I 31 I 0 I .017 I .0345 I .0475 ----- 230 I .082 7380 9,550,000
I 32 I 0 I .017 I .0420 I .0520 =.~;= I 250 I .065 8300 8,940,000I 33 I 0 I .012 I .0165 I .0480 240 I .058 7960 8,940,000I 34 I 0 I .014 I .0280 .0550 200 I .055 6710 I 9,740,000
i 35 I 0 I .009 I .0210 I .0430 ----- 200 .043 6540 9,500,000
I 35 I O' I .012 I .0290 .0500 .063 250 .063 8150 8,270,000
I 37 I 0 I .022 I .0350 ) .0560 .068 250 .068 8300 8,880,000
I 38 I 0 I .018 I .0310 .0470 ----- 230 .062 7350 12,200,000
I I I I
I Av. I 0 1.0165 I .0308 I .0499 I .0628 I 239 I .0638 I 7940 9,437,000 I
Loads in Ibs. Deflections in inches.
E from c?mposite curve at Load 200# = 9,600,000 # / sq. in.
TABLE No.9, SERIES D
Results of Beam Tests on I" x 10" x 26" Slate Beams.
Depth 10". Span 24". Load at middle of span.
Deflection read with Ames Dial to 1/1000 of an inch.
Defl. I Mod..of Mod. ofIRupture Elasticity
illS. #.1 sq. in. # I sq. in.
I
.090 10,600 6,700,000
.093 11,200 7,169,000
.082 11,200 7,998,000
.082 11,400 7,998,000
.082 11,200 7,998,000
.080 11,100 7,998,000
.078 9,950 ' 7,998,000
.064 11,100 9,140,000
.071 9,950 7,998,000
.082 11.200 7,998,000
.080 11,100 7,998,000
.068 9,950 7,998,000
.
0793 l 10,745 I 7,912,000
I
Av. I0 [.00671.01'291.0196\.02461.03091.0407\.04461.04971.05641'.0623.!-1·_06_8----'5,_.0_7_54-'..-1_·07_8...-.!81c-6_85 ...!...\_--''-__.'- _
E from composite curve at Load 500. # = 8,050,000 # / sq. in.
; Spec. \ .Deflections in Inches for Loads in Pounds :of IMax.
I _ -I Load
No. 1501 100 I 150 I 200 I 250 I 300 I 350 I 400 I 450\ 500 I 550'1 600 I 650 I 700 #
I I I I I' I I I I
\I 10\ .006
I
.062 1.068'\.075
I
1
39 .016 .022 .026 .034
.041 1.046 .055 .084 ---- 670
40 I0 I .009 .016 .022 .029 .036 .042 .048 .053 .061 I .068 I .072 .080 .085 710
I 41 101.005 .014 .020 .024 .031 .037 .044 .050 .056 I .062 1.068 .074 .080 710
I 42 10 .005 .015
.018 .023 .031 .038 .045 .048 .055 I .061 .066 .072 .078 720
43 10 ·009 1.D15 .022 .027 .033 .040 .048 .052 .058 I .063'1.070 1.076 .080 710I 44 I0. I .006 .012 .018 .026 .030 .036 .048 .G50 .056 I .063 .067 .072 .080 700
I
45 10/.007 I .014 .022 .026 .034 .041 .046 .050 .057 I .0~3 \ .071 ---- ---- 630
46 10 .004 .009 .016 .021 .029 .034 .040 .046 .052 I .0:18- .061 1.066 \ .069 700
47 I0 1.010 .013 .021 .023.032 .039 .044 .050 .056 I .052 I .065 I ____ --__ 630
48 o .007 .013 .020 .024 .031 .039 .042 .048 .055 I .061 1.076 I .072 I .078 710
I 49 I0 .008 .013 .021 .0251.032 '.038 .044 .050 .058 I .062 .069 I .073 I .080 700
I 50 101 .005 .009 .016 1.021 .028 .034 .041 .045 .050 I .056' .061 I ---- I ___ .: 630
I I I I I I I I I I I
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ABRASION TESTS
The samples used in this test were irregular-shaped pieces taken from
the quarry. The method of the American Society of Testing Materials-
was followed. This method consists of placing, as nearly as possible, 5
kilograms of the sample in the cylinder of a Deval Abrasion machine.
Ten thousand revolutions ata rate of between 30 and 33 to the minute
constitute a test. Only the percentage of material worn off which \vill
pass through a 0.16 cm (1/16") mesh sieve is considered in detennining
the amount of wear. The French Coefficient of "Vear equals 40 divided
by the percent. of wear.
The followil1g data gives the results of this test:
Weight before test -: ~_ 5020 grams
Weight after test 4763 grams
Loss in weight ----------- 257 grams
-Percent. of Wear - 5.118
French Coefficient of Wear ------~----------7.810.
Number of Revolutions ~ 10,002
Revolutions per Minute __ =-____________________ 30
TEST FOR TOUGHNESS
The American Society of Testing Materials method for determining-
the toughness was used. Toughness, as applied- to rock, is the resistance
to fracture under impact, expressed as the final height of blo\v of a
standard hammer to cause' fracture of a cylindrical test _specimen of
given dimensions. _
The specimens cored out with -a diamond drill were cylinders 25·
millimeters in height and 24 millimeters in diameter.
A Riehle impact machine was used. This illachine consists of a cast-
iron anvil and a hammer weighing 2 kilograms arranged so as to fall
freely between suitable guides, a hardened steel plunger arranged to·
slide freely, the lower end of the plunger being spherical in shape with
a radius of 1 centimeter. The hammer is so controlled that it can be
raised and dropped on the plunger from al~y specified height from 1 to
not less than 75 centimeters. A special holder is ,provided for -holding
the cylindrical test specimen securely on the anvil.
The test consists ofa 1 centimeter fall of the hammer for the first
blow, a 2 centimeter fall for the second blow, and an increase of 1- cen-
timeter fall for each succeeding blow unti'l failure of the specimen occur?
The height .of the blow in centimeters at failure is known as the-
toughness of the test specimen. The results are given in Table No. 10.
• .1
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HARDNESS TEST
The test for hardness was made on a Darry machine, consisting of
a revolvirigdisk on which is fed, at a uniform rate, a standard quartz
sand passing a 30- and retained on a 40-mesh sie~e. Cores, cut with a
diamond drill, each 25 millimeters in diameter and 50 millimeters in,
- -, height with faces ground off so as to be at right angles to the IDng axis,
were used in this test.
The cores were placed in holders and weighed so that the entire
weight of each core with 'its holder and .added weight was 1250 grams.
Each core was ground in the machine on one face .for 500 revolutions
and then reversed and ground on the other face an equal number of
revolutions.
The loss of weight of the specimens was -defermined after the 1000
revolutions for use in determining the hardness. The hardness is ex-
pressed by the formula: Hardness = 20 - % VV, where W equals
the loss in grams per 1000 rev.olutions. The results are given in
Table No. 11.
TABLE No. 10
Toughness Test
I
I Spec.
I No.
I
I 1
I 2
I
Diam.
InS.
0.93i3
0.93i3
Height
Ins.
Final Height
of blow
ems.
13
10
I
Remarks I
IAver.= 11.5 I
I I
TABLE No. 11
Hardness Test
1 Spec. I Diam. II Heigl;t Iweig~t before \ Weight after 1000 \ Diff. Hard- II
I No. I ins. I ins. I grams I Rev. grams I grams ness II - I 0 I I I
.\ I I I I I I I0.93i3 I 2 66.8941 39.i965 I 24.09i6 I 11.0 rI I I I I I I
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COEFFICIENT OF EXPANSION TESTS
The specimens used'in the determination of the Coefficient of ,Ex-
pansion Tests were 274" x.2" x 8". One inch from each end of the
specimen and on the center-line of one of the 274" x 8" faces, holes %"
diatpeter and one inch deep were driUed. Into these holes were set fine
needles, the points extending approximately %" above the surface of
the specimen. The needles were cemented into the holes with a special
mortar composed of one part silica cement and three parts Donken clay.
A 11?ulti-unit electric furnace was used to heat the specimens from
room tempera,ture up to 225 0 C. The furnace is of the resistance type,
the heating coil~ being located in the bottom and walls of the furnace,
and is made to operate at 250 volts, 6.6 amperes, at a maximum tem-
perature of 1850° F., and a safe working temperature of 1750° F. In
this test the furnace was run on a 110 volt A. C. line. An ammeter
and voltmeter were used to record "the. amperes and volts. The volt-
meter reading was constant through the test and the ammeter readings
were consistent with the te:11perature developed: The inS'ide dimensions
of the body of the furnace measure 4" x 3" x 12". The cover, made of
a porous, heat-insulating material, is provided with two openings 8" long,
one for the adniission of light and th~ other for. sighting. on the speci-
men with the telescopes while heating, witrout removing the cover. At-
tached to one of the side walls of the furnace are ,a pair of brackets,
supporting two vertical posts, which in turn carry two horizontal screws
for moving the telescopes mounted thereon. The device for taking the
actual measurement of the expansion is attached to the telescopes just
below the eyepiece. This con~ists ofa stationary vertical cross-hait:,a
pair of movable vertical cross-hairs and oile fixed horizontal cross-hair.
The pair of vertical cross-hairs are movable by a thu\11 b-screw over a
scale inside of the telescope. There is also a circular micrometer scale
on the thumb-screw, each turn of which corresponds to one of the small
divisions on the scale inside the telescope. The value of each of these
small divisions is 0.01". The circular micrometer scale is divided into
one hundred equal parts thus allowing an actual reading ,of 0.0001" and
an estimated reading of one-tenth of that or 0.00001". After the station-
ary vertical cross-hairs have been adjusted to the needle-points on the
specimen, they remain in that position throughout the test. The elong-
ation is measured entirely by the scale and micrometer screws attached
to the telescopes. .
!
~"
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Provision is made to insert a thermo-couple through a small hole in
the end of the ,furnace; In this particular test, however, a Centigrade'
thermometer reading to 360 0 C. was used.
In order to insure free motion of the expanding specimen" it was
placed on two supports in the furnace bottom, one round and the other
square, so placed as to insure as far as possible, an expaI}sion at both
ends and also to decrease to a minimum any stress in the specimen due
to its own weight. To facilitat~ the placing of the' specimen, at the be-
ginning of each test, a plane was established in which the needle-points
were always placed and parallel to which plane the horizontal cross-
hairs were always adjusted.
After allowing the specimens sufficient time for the setting of the
cement, one was placed in the furnace, the distance between needle-points
measured, the telescopes adj'usted and the room temperature recorded.
The current was then turned 0111, and, after a short time, to allow the
heat to have an opportunity of "soaking" intb the specimen, securing
thereby an equal distribution of heat throughout the furnace and speci~
men" readings were taken at various te:l1peratures up to the maximU'll
'temperature.
The temperature readings were taken simultaneously with .the read-.
ings of the two telescopes.
As the coefficient of expansion to 200 0 C. only was required, the
tests were not carried above' that temperature.
Considerable difficulty was experienced in securing the proper con-
trol of the temperature during the first four tests. The furnace was not
allowed to cool to room temperature after the first test thereby account-
ing for t1)e 40 0 C. at the start of the second test. After this test the re-
sistance was reduced, and in the third al11d fourth tests better, results
were obtained, and still further improvement was made after these two
,tests, so that in the remaining six the temperature was raised exactly
200 0 C. above room te,mperature. The average results for the last six
and the entire ten being very neaf'ly the same, shows that the tests were
very satisfactory. '
Table No. 12 shows the results of the Coefficient of Expallsion Tests.
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. TABLE No. 12
~"","", Coefficient of Expansion
:1 I I I Highest I DilL l Mean of Two Coeff. of, Spec. I Original I Room Temp. I III Telescope Expansion
II No. I Length I Temp. 1 Recorded I Temp. I Readings per ~.
I I inches I °C I °C I °C I inches degree CII I I I I I
I I - I I I I!I 1 6.021 I 27 I 184 I 157
I
0.00966 0.00001021
I 2 I 6.022 I 40 I 175 I 135 0.00836 0.00001028II 3 I 5.976 I 25 I 200 1 175 0.01068 0.00001021
1 4 I 6.024 1 25 I 200 I
175 I 0.01078 0.00001022
'I 5 I 6.018 I 25 I 225 200 0.01242 0.00001032
II 6 I 6.026 I 25 I 225 200 0.01241 0.00001029
,I 7 I 6.001 I 25 I 225 200 0.01243 0.00001035'I 8 I 5.962
25
I
225 200 0.01238 0.00001038
'I 9 5.981 I ·25 225 200 0.01244 0.00001037:1 10 I 5.992 25 I 225 200 0.01240 0.00001034II I I
Average of ten results = 0.000010297
A verage of last six = 0.00001034
MEAN RESULTS 'OF PHYSICAL TESTS
The following is a recapitulation of the mean results of the physi-
cal tests:
Specific Gravity- ~ 2.81
Porosity 0.196%
Tensile 3,625 # / sq. in.
Conlpressive .:. 10,250" "
Mod. of Rupture for 3-'i" depth 7.760" "
11od. of Rupture for I" depth 7,940" "
Mod. of Rupture for 13-'i" depth 10,250" "
Mod. of Elasticity of I" depth 9,600,0.00 H "
Mod. of E'lasticity of 23-'i" depth 8,050,000" "
Abrasion - Per cent. of ,,year 5.12
Abrasion - French Coefficient _..,________________ 7.81
Toughness ~_~ 11.5
Hardness Coefficient ' 11.0
Coefficient of Expansion 0.00001034° C.
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TEST TO m:<:TERMINE THE TEMPERATURE
AT \VHICH CRACKS DEVE.I;.-OP
The specimens used in this test were 2" x 2" x 8". The specimens
were placed in a Multiple Unit Electric Furnace, Type 87, with a maxi-
mum temperature allowable of 1850° F., and a safe working tempera-. /
ture of 1750° F., 250 volts, 6.6 amperes. The current was supplied by
a D. C. line of 250 volts. The temperature was read by means of a
Platinum-Rhodium thermo-couple direct connected to a Portable Indi-
cator Reading Pyrometer with a maximum range of 1700° C. '
The first five specimens were subjected to il. gradually rising tem-
perature until the spec!meris cracked. The 'other three specimens
were subjected to a gradually rising temperature until a fixed temper- -
ature was reached and thel'! was held at this temperature until cracks
appeared. The Pyrometer was adjusted to roon temperature before
each test.
Referring to Table No. 13, it will be noted that there is consider-
able variation in the tithe required to develop cracks, but on the other
hand the average temperature for Nos. 1 to 5 inclusive is about 330° C.
above room temperature. The wide difference in time period may be
due to the differences in the slate. -
The ,balance of the specimens, Nos. 6, '7 and 8, were treated differ-
ently. Referring to Table No. 13(a), it will be noted·that for Speci-
men No.6 the temperature rose 60° C. in a period of 24 minutes, while
Specimen No.7, rose only 40° C. in 29 minutes. Specimen No.8 was
a very interesting specimen in that it/withstood the heat for so long a
period, 5 hours and 10 minutes without any sign of a crack. The re-
sistance was then reduced and the temperature. allowed to rise rapidly,
and 30 minutes more, or 5 hours and 40 minutes from the start of the
test, cracks developed."
TABLE No. 13
Test to determine the temperature at which cracks develop.
ISpec.IVoItsl Room I Pyr0111. I Diff. ITime clapsingl I1No·1 D. C.I Temp. Reading I Temp. I to reading I Remarks I
I I 239 129°C I 350°C I 321°C II 20 min. II Furnace cold when test \
l \ I I I I I started. 5 cracks \I I I I along cleavage planes. -
I 2 I 239 130°C \ 360°C 330°C \ 15 min. II Furnace 250°C when
I
I I I I I test started.
I
3 1 239
1
30°C I 360°C II 330°C III 19 n11n. ) Fu:~~'t~ta~'~;l~ when
4 I 239 25°C I 370°C 335°C 65 m1l1. I Furnace cold when
I I I I I I test started.
I 5 239 26°C 375°C \ 349°C 46 111111. \ Fumace 200°C when
I I I I I test started.I I I l
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/'
\ Furnace 275°C whenI test started.
I Total time 5 hr. 10 min.
I Resistance reduced.
( Total time 5 hr. 40 min:
I Specimen cracked_
Crack-=.ed-=-. -----,---
j.Furnace 230°C whe~test started_
I
I
, Crack~d.
TABLE No. 13(a)
Test to determine the temperature at which cracks develop.
!Spec./Volts! Room IPyrom. \' Diff'ITim~ elapSingl
INo. I D. C.I Temp. Reading Temp. to reading RemarksI I I . +------f----------------c-I:~-+I-I--I 1 I I
6 I 239 126°C I 230°C 204°C I O' min. I Furnace 230°C when
I ·1 I I 240°C - I 214°« I 2" I test started_
I I I I 250°C I 224°C I 4 "
I I I I 260°C I 234°C I 11
I I I I 270°C I 244°C I 14 "
I I I I 280°C I 254°C I 20 "
I I 239 126°C I 290°C 264°C I 24 "
I 7 I 239 126°C I 230°C r204°C r 0 min.
I I I I 240°C I 2WC I 1 "
I I I I 250°C I 224°C I 2 "1 I I 260°C I 234°C I 3I I I I 270°C 244°C 9"
I I 1- I 275°C 249°C I 12
I II I 260°C -234°.C I 17I I I I 260°C 234°C 22"
I I I I 270°C 244°C I 27I I 239 126°C I 270°C 244°C 29
I 8 I 239 125°C I 275°C \ 250°C \ 0 min.
I I I I 265°C I 240°C I 10 "
I I I I 260°C I 235°C I 20 "
I I I I 270°C I 245°C I 30 "
I I 1 I 270°C I 245°C I 40 "
I -I I I 260°C 1235°C I 50 -"
I I I I 260°C I 235°C I 60 "
I I I I 270°C I 245°C I 70 "
I I I I 280°C I 255"C I 80 "
I I I I 270°C 245°C I 90 "I I I I 260°C I 235°C 100 "
I I I I 280°C I 25'SoC 110 "
I i I I 290°C I 265~C I 120 "
I I I I 280°C I 255°C I 130 "I I I I 280°C 255°C 140 "
I I I I 280°C I 255°C I ISO .•
1 i I I 290°C I 265°C I 160 "I I I I 290°C 265°C 170 "
I I II 280°C I 2SSOC 180 "
I I I I 270°C I 245°C 190
I I I I 270°C 245°C 205
I I I I 290°C I 265°C 235
I I I I 300°C 275°C I 250 "
I I I I 290°C I 265°C I 2651 II I I 290°C I 265°C I 280 "
I I I 290°C I 265°C I 310 "
I_ I I I 450°C I425°C II 325
I I I I I \I I 239 125°C I 615°C 590°C 340 "
I I I I I I
/
/
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PHOTOGRAPH SHOWI 'G TYPICAL FRACTURE DUE TO HEAT, FROM TEST
TO DETERMIXE TE~IPERATURE AT WHICH CRACKS DEVELOP.
PHOTOGRAPH SHO\l'IXG TYPICAL FRACTl"RE Dl"E TO HE.\T, FROM TE~T
TO DETERMIXE DISTAKCE BETWEEK HE.\TlXG U:-<IT AKD SPECIMEX.
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TESTS TO DETERMINE THE DISTANCE_ BETWEEN
A HEATING UNIT AND SPECIMEN, THE_ TEMPERATURE
AND PERIOD OF TIME TO DEVELOP CRACKS.
The specimens used in this test were 8" x 8" x I" slate slabs. The
specimens were set up on edge in front of a 660 watt heating unit. Cur-
rent was supplied by a 11O-volt A. C. line. Readings of the, ammeter
were constant throughout.
Specimens Nos. 1 a,nd 2, at a distance of I" cracked in an average
of 80 minutes. Specimens Nos. 3, 4 and 5, at a distance of 2" cracked
in an average time of about 28 minutes, while Nos. 6 and 7, at a dis-
tance of 10" cracked in the average time of 16 minutes.
The cracks in all specimeils were along the cleitvage planes. The
development of -the crack was sudden- acco:l1panied by a sharp ring.
Scallops were formed at one end of the fracture in nearly all cas~s.
The results of this test are given in Table No. 14.
TABLE No. 14
Tests to _determine the distance between a heating unit and specimen,
the temperature and period of time to develop cracks.
ISpec, '[ Room I Temp. at Face I Temp. at Surface I Distance between 1\ Time II
I No. I Temp. I of Unit of Slate I Unit and Slate I Min.
I 1 I II 1 125°C /- 350°C -/- 230°C-.--:----1-"---:1 9 I
I 2 125°C I 355°C I 225°C - 1" 8
I 3 125°C I 350°C 165°C 2" 35
I 4 125°C I 350°C I 165°C 2" 29
I 5 -125°C I 350°C I -165°C 2" 25
I 6 125°C I 350°C 195°C 10" 16
I 7 125°C I 350°C I 195°C 10" 16
I I 1 I
_MEAN RESULTS OF TEMPERATURE TESTS
The results of the preceding two tests were extremely interesting.
In the tests to determine the te 1'perature at -which cracks develop, it
should be borne in mind that the specimens were enclosed in a furnace
and therefore there was no chance for circulation of air. Uilder these
conditions cracks developed at temperatures rangi'ng from 250 0 C to
330 0 C. The other temperature tests which involved the distance be-
tween the specimen and a heating unit, allowed for free circulation of
air around the specimen. The results show at I" distance between speci-
men and heating unit a te:l1perature of- 227" C before cracking, at 10".
195 0 C, and at 2", 165 0 C.
(
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OHMIC RESISTANCE TESTS
The object of this test was to determine, first the ohmic resistance
per cubic inch of slate, and second, to find the factor of safety when
using 400,000 ohms as the resistance between two metal points one inch
apart, of opposite polarity on the surface of the slate.
The samples tested consisted of ten pieces of sl~te as' follows: Two
pieces 8" x 8" x I" newly quarried and known as Specimens Nos. 1
and 2; two pieces 8" x 8" x I" quarried three months previous to the
testing and known as Specimens Nos. 3 and 4; and six pieces I" x I"
x I" newly quarried and known as Specimens Nos. 5, 6, 7, 8, 9 and 10.
All the specimens were placed' in an electrically-heated oven, kept at
constant temperature of 1100 C for one-half hour to insure removal of
any moisture present in the slate. '
The current used in the test was from a 120-volt bank of storage
cells. The voltage was observed on a \Veston direct reading Labora-
tory Standard Voltmeter, (full scale reading 150 volts). The voltage
in all tests was kept constant at 110 volts. The current passing through
the samples was n ~asured by means of a Hickok (special design) NIilli-
ammeter No. 16982 (full scale reading 1 milliampere). The instru-
li1ent was calibrated before the testing of the slate by means of a Leeds
and NorthrupPotentiometer.
The' specimens were divided i,nto three groups as follows: Speci-
mens Nos. L 2, 3 and 4 being used in Test No.1, the Ohmic Resistance
per cubic inch, and Test No.2, the Ohmic Resistance over the surface
of the sa1"ple between two metal points of opposite polarity, at a dis-
tance apart of one inch; Specimens Nos. 5, 6, 7, 8, 9 and 10, in Test
No.3, the Ohmic Resistance per cubic inch.
TEST No.1
OHMIC RESISTANCE PER CUBIC INCH
In this test Specimens Nos. 1 and 2" the newly quarried 8" x'8" x I"
pieces and the Specimens Nos. 3 and 4, quarried three months ago, 8"
x 8" x I" pieces were used. The test consisted of a measurement of the
ohmic resistance laterally per cubic inch at each of the four comers of
each sample. Copper sheets I" x I" x 1/16" were clamped, using insul-
ated clamps, successively to each corner,' as shown in Fig. 2. The 110-
volt circuit was then closed and the readings of the milliammeter re-
corded. In each case ,five minutes elapsed! before a minimum current
reading was reached. The following Table No: 15 shows the results
of this test:
'.\
.-/
I
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TABLE No. 15
TEST No.1, OHMIC RESISTANCE PER CUBfC INCH.
Specimens Nos. 1 and 2 - Newly quarried slate.
Specimens Nos. 3 and 4- Slate quarried three months previous to test.
1 ILocation I Time of II 1 \I Current Resistance
!ISpec.1 . of 1 Test I'Volts Ohms
II No. I Reading I m mm. I I Milliamperes I Amperes per cu. in.
'I I I 1 I I ,
:1
1 I I II a I 5 I 110 0.16 000016 690,000
1 I
b I 5 I 110 0.14 000014 785,000 I
I c I 5 I 110 0.18 000018
610,000 I'I I d 5 I 110 0.17 000017 645,000
'I I I I I
., I I I Average 682.500 I
:\
I I' 1 I2 I a I 5 I 110 0.13 0.00013 845,000'I I b 5 I 110 0.14 000014 785,000 I
'I I c
I
5 I 110 0.15 000015 733,000 I
'I I d 5 I 110 0.14 0.00014 785,000 I
I I 1 I
!J I I I _Average 787.000 I
1 1 1 I
I·'I 3 I a I 5 I 110 '0.025 0.000025 4,400,000'I I b 5 I 110 0055 0000055 2,000,000;1 I c I 5· I 110 0035 0.000035 3.140,000 I
'I I d I 5 I 110 0.035 0.000055 2,000,000 I
1 I I 0 I I'I [ I Average 2,885,000 I
;1 I 1 I I
,[ 4 I a I 5 I 110 0070 000007 1,570.000 I
'I I b I 5 I 110 0050 000005 2,200,000 I
'I 1 c
I
5 I 110 0.050 0.00005 2,200,000 I
:/ I d 5 I 110 0.040 0.00004 2,775,000 II I I'I I I Average 2,186,500 [
A verage resistance, newly quarried slate, 734,750 ohms per cu. in .
.Average resistance, slate quarried three months, 2,535,700 ohms per cu. in.
TEST No.2
OHMIC RESISTANCE OVER THE SURFACE BETWEEN
TWO METAL POINTS OF OPPOSITE POLARITY,
AT A DISTANCE APART OF ONE INCH.
In this test Specimens Nos. 1, 2, 3 and 4 were used. Each sample
was drilled on 1;/z" centers laterally forming two equilateral triangles
.as shown in Fig. 4. The diameter of the hole was 11/64". In each
,drilled hole a 1;/z" - 8 - 32 Fillister-head screw was inserted. On each
face of the slate, ;/Z" outside diameter copper washers were used as
:shown in Fig. 3. This gave a minimum distance of one inch between
. metal stfrfaces of opposite polarity on either side of the sample.
The 11O-volt circuit was then directly applied to each of the succes-
(.
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sive paths marked a, b, C, d, e and f on Fig. 3, and the readings of the:
milliammeter recorded. In each case from two to five minutes elapsed
before minimu11 reading was reached. The following Table No. 16·
shows the results of this test:
TABLE No. 16
OHMIC RESISTANCE OVER SURFACE BETWEEN Two METAL POINTS OF'
OPPOSITE POLARITY, AT A DISTANCE APART OF ONE INC}!.
Specimens Nos. 1 and, 2 -'- Newly quarried slate.
Specimens Nos. 3 and 4 - Slate .quarried three months previous to test..
I ILocation I Time of t- --'-[-1--- Current \ i,
I.Spec.1 of I Test I Volts I I Resistance I,
I No. I l~eading m nun. [I [I Milliamperes Amperes \, Ohms I
I I I I
.\ \ a \ :J' \~I 0.05 0.00005 I 2,200,000 I'
I I b I 2 II 110 0.07 000007 I 1,570,000 I.
I I c I 2 110 0.05 0,00005 2,200,000 I.
I I d I 2 II 110 0.07 0.00007 1,570,000 I,
I I e I 2 110 0.06 000006 I 1,840,000 L
I I f I 2 I 110 0.05 000005 I 2,20:),000 I
I i i I ~-\verage T 1,930,000 I
\-2-\ a I 2 I~-I 0.04 000004! 2,775,000 I'
I I b \ 4 I 110· \ 0.08 0.00008 1,376,000 'I.
I I c I 2 1 110 I 007 0.ססOO7 0 1,570,000 II I cl I 5 I 110 0.08 0.ססOO8 1,376,000.
I
I e I 2 I 110 007 0000071 1,570,000 I'I f \ 2 I 110 j' 0.05 0.00005 t 2,200,000 I
I I I ,I I Average I 1,811,000 I'
I 3 I a \ 2\ ~III- 0.024 0.000024 I 4.600,000 I'I b I 2 I 110 0.024. 0.000024 4,600,000 I',:I I e I 2 I 110 0.022 0.000822 5.000,000
II cl I 2 I 110 0.030 0.000030 3,670,000
I I 1 I i III ~ ~~ 8:~ 8:gggo~g ~:~~g:~~~ t
I I I II II I Average 3.486,000 I:
\-4-\- a I 2 \ 110 0030 0000030 Ii 3,670,000 I':.'
I I be I' 2 1 1110 0.025 0000025 I 4,410,0002 , 110 0.020 0000020 5,500.000 I
I
I II ed II 2 I 110 0070 0000870 1,570,000 I
2 110 0030. 0000030 3,670,000 'I:,
I i f- II 2' I 110 0024 0000024 '1 4,600,000
I I I Average I 3,903,000 I;
Average resistance, newly quarried ~Iate, 1.870,000 ohms.
Average resistance, slate quarried three months, 3,695,00 ohms.
r,
\
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TEST No.3
OHMIC RESISTANCE PER CUBIC INCH
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In this test Specimens Nos. 5, 6, 7, 8, 9 and ·10, the newly quarried
I" x I" x I" cubes were used. The same arrangement of copper plates
and clamps was used as in Test No. L The 11O-volt circuit was ap-
plied to each cube aild the readings of the milliammeter recorded. The
results of this test are given in the following Table No. 17:
TABLE No. 17.
OHMIC RESISTANCE OF NEWLY QUARRIED I" CUBES.
\ Spec. I Time of I CurrentTest in I Volts Resistance
I No. I Minutes I Milliamperes , Amperes Qhms
I I
-
I I
\
I I I5 3 110 . 0.080 0.000080 1.376,000 I
6 2 I 110 0.125 0.000125 880,000 <I7 I 4 110 0.130 0.000130 845,000
8 I 2 I 110 0.050 0.000050 2,200,000 I
9 I 4 I 110 0.090 0.000090 1,224,000 I
10 I 2 I 110 0.030 0.000030 3,670,000 II I
Average resistance per cubic inch = 1,682,500 ohms.
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RESULTS OF OHMIC RESISTANCE TESTS
33
It will be ,noted that the Ohmic Resistance as found in Test No.1
is lower than in Test No.3. The value for newly quarried slate' of
734,750 ohms in Test No.1, against 1,682,500 ohms in TestNo. 3, may
be explained by the fact that in Test No. 1 the sectional area of the
path from face to face was greater than in Test No.3.
Theovalue of 2,535,700 ohms in Test No. 1 for slate quarried three
months is 'an increase of over 300% over the newly quarried slate. The
resistance of this slate therefore increases with age, due to the slow air
drying of the slate. In Test No.2, ohmic resistance between points,
there is an increase of approximately 100% with age.
Again comparing Test No. 1 with No.3. it will be noted in Test
No.1, a range from 610,000 ohms to 4,400,000 ohms, and Test No.3,
a similar range from 845,000 ohms to 3,670,000 ohms. The minimum 0
value of 845,000 ohms per cubic inch recorded shows that the slate is
a satisfactory quality for electric switchboard work.
Test No.2 shows even more conclusive results from the viewpoint'
of switchboard slate. Over the surface of ne.wly quarried slate. at a
distance of one inch between metal points o'f opposite polarity, the aver-
age resistance recorded. was 1,870,000 ohms, while for the slate quarried
three months, the average value was 3,695,000 ohms, or an increase of
about 100'1'0.
It should ,be borne in mind that the resistalice per cubic i!lCh of slate
is not an important factor in switchboard work, but rather the resis-
tance between and distance apart of two metal points of opposite po-
larity along the surface.
These results would indicate that a resistance of 400,000 ohms is
a safe working value for the slate being te.stedo Two metal surfaces
of opposite polarity, on IIO-volt line, spaced one inch apart, and with
the above 400,000 ohms resistance, the factor of safety will vary from
, 4 to 9, depending upon the length of time the slate has been quarried.
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APPENDIX
The following notes have been taken from vanous sources as m- . /
dicated:
The most extensive "report on slate is that in Bulletin No. 586, "Slate
in the United States," U. S. Geological Survey. The tests of Merri-
man are reported here, and while they were made on roofing slates,
yet they give somewhat comparative values. The three following on
Pei1l1. Slates, page 188 of Bulletin No. 586, are the 'results of fifteen
different quarries. According to Merriman, the modulus of rupture
for a good slate should range between 7,000 and 10,000 Ibs. per sq. 111.
LOCATION S. G. POR. MOD. OF RUPTURE
Peach Bottom 2.894 .224 ---- 11,260 # / sq. in.
Albion 2.775 .238 ---- 7,150" "
"Old Bangor" -- 2.780 __ ..:_ .145 ---- 9,810
The vVatertown , Arsenal reported that the average compressive
strength of all slate tested between 1883 and 1905 was 9,333 Ibs·. per
square inch.
Bulletin No. 10 of the New Ys>rk State Museun1 gives 0.15ifo ab-
sorption 01'- por,osity.
In Kidder's "Architects' and Builders' Pocket Book," the- coefficient
of expansion of slate is stated as 0.00000577 per 0 F and 0.00001038° C.
The Standard Haridbook fo'r Electrical Enginee~s gives the sljecific
resistance of slate as' 78,000 lregohms per cubic centimeter, and Bulle-
tin No. 586 of the U. S. Geological Survey reports an average of 1224.2
megohms per cubic centimeter for slate from Arkansas.
The American Highway Engineers' Handbook by Blanchard gives
the following' ranges of the various properties: Specific Gravity '3.80-
2AO; Per Cent. of vVear 17.1-1.60; French Coefficient of Wear 24.4-
2.30; Hardness Coefficient 19.7-1.10; Toughness 56-1.00.
The American Civil Engineers' Pocket Book gives the following:
Specific Gravity 2.80; Compressive Strength in' lbs. per sq. in. 15,000;
Mod. of Rupture 8,500' # / sq. in.; "Mod. of Elasticity 14,000,000 lbs.
, per sq. in; and Coefficient of Expansion 0.0000058 per 0 F.
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